Meibomian gland dysfunction is one of the most common eye disorders observed in clinical practice. It applies to almost 50% of the population, especially people using contact lenses. It is believed that meibomian gland dysfunction is the most common cause of abnormal stability and integrity of the tear lm. Despite this, there is no commercially available equipment for the diagnosis. The article proposes the construction of an optical sensor and a computer system for the rapid, non-invasive diagnosis of meibomian gland dysfunction. The designed hardware and software as well as preliminary results of clinical research are also described.
Introduction
Meibom gland dysfunction (MGD) is understood as the diuse abnormality of the gland. Typical symptoms of MGD are: closing the estuaries of glands or qualitative and quantitative changes in the secretion of meibum. It is believed that MGD aects 39% to 50% of individuals of the population. Despite the universality of this disease a relatively small number of major clinical research was done. However, the need to provide detailed research is noticed. Based on literature [15] we can say that meibomian glands dysfunction is the most common cause of problems of stability and integrity of the tear lm, which adversely aects the performance of the eye. Therefore, it is appropriate to develop methods of diagnosis of meibomian glands. The purpose is to develop devices and diagnostic tests sucient to clearly identify the degree of gland dysfunction.
The currently used research techniques are mostly focused on the assessment of the edge of the eyelid. Especially when taking into account: the widening of the blood vessels, clogging of the glands, shifting the border between the skin and conjunctiva, observing the changes in the corneal epithelium, tear lm break time (BUT), analysis of the mucus of meibomian glands and others (including subjective opinions). More advanced assessment techniques of meibomian glands use: meibography, meibometry [3] , interferometry [4] and evaporometry [5] .
Meibography is particularly interesting from the mentioned methods.
It allows you to simultaneously assess the number of * corresponding author; e-mail: k.murawski@ita.wat.edu.pl meibomian glands and their blood supply. The traditional method is an invasive technique. It requires the use of a light source that allows to obtain the phenomenon of transillumination. For this purpose usually the red light is used [6] having a wavelength λ from 630 nm to 770 nm or the infrared light for which λ is in range 780 1400 nm. In view of invasiveness, the central part of the eyelid shall be tested, where the evaluation is regarded as a reference point. In the paper we propose a sensor construction for non-invasive research of the meibomian glands. The sensor design is based on a detector (camera operating in the near infrared) and an IR illuminator precisely controlled by a microcontroller. By taking advantage of the phenomenon that the blood absorbs the heat generated by light in the eld of near-infrared, we obtain the imaging of meibomian glands, Fig. 1 , which is subject to assessment. To assess the degree of degradation of the meibomian glands we used a three-step scale meiboscore [4] : degree 1 loss of less than 1/3 of the area, degree 2 the loss from 1/3 to 2/3 of the area, degree 3 the loss of more than 2/3 of the gland area. Other construction adjustments were simultaneously introduced.
The method of mounting the sensor to the slit lamp was modied, this way could give up the infrared mirror.
As a result, the cost of the sensor was reduced, and its compact design achieved. Support for the foot switch was added and the ability to save images when pressed was introduced. The radiator system is enriched with two xation diodes (λ = 565 nm), where the patient has to focus his/her eyes on during the test. In the system, Fig. 5a , all the components were combined with a USB interface. As the hub of the system an IBM PC type notebook was used. The result is a diagnosis station for testing the morphology of the Meibom eyelid gland, Fig. 5b . The built system is equipped with specialized software.
It automatically initiates the initial values of the infrared detector, the illuminator parameters and it supports the acquisition and analysis of images. It also allows changing the LED IR illuminator brightness and the camera settings. These include: acquisition time, sensitivity, image resolution, fps, etc. The resulting system has been tested in terms of user safety; the results are included in [7] . 
Ob ject of research, preliminary results
The aim of the research was to preliminary assess the use of meibography in the diagnosis of chronic eyelid inammation. The study included a total group of 10 patients (40 eyes) (7 men and 3 women) with an average age of 65.7 ± 13 with chronic inammation rims of eyelids and compared the results with a group of 10 healthy volunteers (40 eyes) (4 men and 6 women) in a comparable age group (average age 66.5 ± 11). Patients were divided into two groups. In all patients the following parameters were examined: the edge of the eyelids and the evaluation of the ocular surface epithelium using a slit lamp, assess the nature of glandular secretions and meibography. After unfolding the eyelid, using the de- The results were statistically analyzed. The study was conducted using the KolmogorovSmirnov test (Table I) and the MannWhitney U (Table II) The high value of correlation is also noticeable between the results obtained using three equal MGD research techniques: study of secretions, Fig. 8b ; the study of ocular symptoms, Fig. 8c, and meibography, Fig. 8d .
The results show that the constructed sensor provides information non-invasively on the degree of morphological 
